Hematopoietic cytokines--on the verge of conquering neurology.
Two hematopoietic cytokines are currently gaining increasing attention within neurological research. Erythropoietin (EPO) and granulocyte-colony stimulating factor (G-CSF) have long been known for their ability to induce the proliferation of certain populations of hematopoietic lineage cells. However, it has recently been found that EPO, G-CSF, and their respective receptors are also expressed in the human central nervous system (CNS) and may be an important part of the brain's endogenous system of protection. Both hematopoietic cytokines have been shown to have neuroprotective potential in a variety of animal disease models both in vitro and in vivo, through the inhibition of apoptosis, induction of angiogenesis, exertion of anti-inflammatory and neurotrophic effects, as well as by the enhancement of neurogenesis. EPO and G-CSF have been extensively studied in the context of hematological disorders and have recently been successfully applied in the first clinical trials in stroke patients. Intravenous high-dose EPO therapy was associated with an improvement in the clinical outcome and preclinical studies with intravenous high-dose G-CSF therapy have clearly shown that it has considerable neuroprotective potential in the acute, as well as in the chronic phase of stroke. In this review, the current knowledge of the neuroprotective mechanisms of EPO and G-CSF is summarized with regard to in vitro and in vivo data. Focus is placed on the role of EPO in neurological disease models with an emphasis on its influence on functional outcome. New experimental results are assessed in detail and correlated with the findings of recent clinical studies.